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1	Introduction
Air	pollution	is	a	significant	global	issue.	In	2014,	the	World	Health	Organization	(WHO)	declared	air	pollution	to	be	the	world’s	largest	single	environmental	health	risk,	with	ambient	air	pollution	causing	3.7	million	deaths	annually	(WHO,	2014).	The	World	Bank
has	also	reported	air	pollution	to	be	the	fourth	leading	risk	factor	for	premature	deaths	worldwide,	resulting	in	1	in	10	total	deaths	in	2013,	at	a	cost	to	the	global	economy	of	about	US$225	billion	in	lost	labour	income	(World	Bank	and	Institute	for	Health	Metrics	and
Evaluation,	2016).	In	urban	areas,	particularly	in	developed	countries,	road	traffic	is	often	the	major	contributor	to	local	ambient	air	pollution	and	is	largely	responsible	for	elevated	concentrations	of	nitrogen	dioxide	(NO2),	among	other	pollutants.
Exceedences	of	the	Ambient	Air	Quality	Directive	(2008/50/EC)	(AAQD)	annual	mean	limit	value	for	NO2,	derived	from	WHO	health-based	thresholds,	are	widespread	across	much	of	the	UK	(and	Europe).	In	2010,	when	the	annual	mean	limit	value	for	NO2	was
to	be	achieved	(and	five	years	after	the	UK’s	own	parallel	domestic	NO2	objectives	should	have	been	met),	the	UK	was	in	breach	of	regulations	in	40	(93%)	of	its	43	designated	zones	and	agglomerations.	The	UK	Government	Department	for	the	Environment,	Food	and
Rural	Affairs	(Defra),	which	is	responsible	for	compliance	reporting	against	the	AAQD	to	the	European	Commission,	applied	for	a	Time	Extension	Notification	(TEN)	of	five	years	for	24	of	its	exceeding	zones	and	agglomerations	in	September	2011,	leaving	the	remaining
16	areas	of	exceedence	in	breach	of	the	AAQD,	resulting	in	infraction	proceedings	launched	by	the	European	Commission	against	the	UK	government	in	February	2014.
It	is	the	European	Commission’s	legal	action	against	the	UK	government	for	its	failure	to	achieve	the	annual	mean	limit	value	for	NO2	by	1st	January	2010 st	January	2010	as	set	in	the	AAQD,	and	the	potential	that	this	poses	for	the	imposition	of	substantial	fines	by
the	European	Court	of	Justice	(CJEU)	that	set	the	policy	context	for	the	paper.
Within	this	context,	in	the	same	year	that	the	government	applied	for	the	TEN,	the	UK	Localism	Act	2011	(Part	2)	introduced	a	legal	framework	enabling	fines	imposed	on	national	government	by	the	EU	to	be	passed	down	to	local	government.	On	receipt	of	the
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Abstract
This	paper	critically	reviews	United	Kingdom	(UK)	air	quality	policy	in	relation	to	European	and	Local	Air	Quality	Management	(LAQM)	responsibilities	over	the	last	20	years.	The	arguments	articulated	in	this	paper	highlight	the	gulf	between	national	and
local	 air	 quality	management	 in	 the	UK,	 including	 differences	 in	 legislation,	 legal	 responsibilities,	 scales	 of	 operation,	monitoring	 and	modelling	 requirements,	 exceedence	 reporting	 and	 action	 planning.	 It	 is	 argued	 that	 local	 authorities	 cannot	 be	 held
responsible	 for	 the	UK’s	 failure	 to	 achieve	 the	 European	Union	 (EU)	 nitrogen	 dioxide	 (NO2)	 limit	 values	 due	 to	 fundamental	 differences	 between	 local	 government	 responsibilities	 under	 LAQM	 and	 the	UK	 compliance	 assessment	 reporting	 to	 the	 EU.
Furthermore,	unambitious	and	counterproductive	national	policies	and	the	failure	of	EU	light-duty	vehicle	type	approval	tests	and	Euro	standards	to	reduce	real-world	nitrousgen	oxide	(NOx)	emissions	 (Please	change	'nitrous	oxide	(NOx)	emissions'	to	'emissions	of
nitrogen	oxides	(NOx)')are	the	main	reasons	for	continued	NO2	limit	value	exceedences.	This	failure	of	EU	and	national	air	quality	policies	has	effectively	undermined	local	authority	action	to	improve	local	air	quality,	resulting	in	delays	in	achieving	the	standards,
wasted	resources	at	local	and	national	levels,	and,	ultimately,	unnecessary	loss	of	life	and	increased	morbidity	in	the	UK	population.	This	paper	concludes	that	the	current	emphasis	that	the	UK	government	is	placing	on	implementation	of	Clean	Air	Zones
(CAZs)	to	achieve	the	Ambient	Air	Quality	Directive	(2008/50/EC)	(AAQD),	and	avoid	substantial	fines	imposed	by	the	European	Court	of	Justice	(CJEU),	is	flawed.	Based	on	the	arguments	presented	in	this	paper,	a	series	of	recommendations	is	proposed	for
the	European	Union,	the	UK	government,	devolved	administrations	and	local	authorities.
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infraction	proceedings	from	the	European	Commission,	Defra	also	reinforced	this	by	sending	an	email	to	all	local	authorities	reminding	them	of	the	discretionary	powers	of	the	Localism	Act	(Defra,	2014).	This	is	despite	an	amendment	to	the	Act,	lobbied	for	by	the	UK
Local	Government	Association	(Local	Government	Association,	2011),	which	requires	the	local	authority	to	have	to	have	had	a	responsibility	to	comply	with	the	AAQD,	and	despite	local	authorities	not	having	any	say	over	which	zones	or	agglomerations	were	included	in
the	TEN	application.
Defra	reported	that	in	2015	(the	latest	available	data	and	the	year	by	which	the	extension	period	granted	by	the	European	Commission	expired)	only	six	zones	and	agglomerations	met	the	limit	value	for	annual	mean	NO2	(Defra,	2016a)	and	that	exceedences	are
likely	to	continue	until	at	least	2025	in	eight	urban	areas	(Defra,	2015a),	meaning	that	rather	than	just	the	16	zones	and	agglomerations	currently	subject	to	infraction	proceedings,	there	are	actually	37	areas	currently	reported	in	breach	of	the	AAQD.	Three	years	after	its
initial	proceedings	were	launched,	the	European	Commission	(2017)	issued	a	‘final	warning’	to	the	UK,	escalating	the	potential	for	fines	if	the	UK	government	cannot	produce	plans	setting	out	‘appropriate	measures,	so	that	the	exceedance	period	can	be	kept	as	short	as
possible’	as	per	Article	23	of	the	AAQD.
The	UK’s	decision	to	leave	the	EU	means	the	AAQD	may	lose	its	relevance	to	UK	air	quality	policy	in	the	longer	term.	However,	the	process	of	leaving	could	take	up	to	2021 	as	the	UK	Prime	Minister	invoked	Article	50	of	the	Treaty	on	European	Union,	the
means	by	which	a	Member	State	officially	gives	notice	of	its	intention	to	withdraw	from	the	EU,	on	29thth	March	2017,	and	has	recently	announced	an	intention	to	seek	to	extend	the	withdrawal	process	for	two	years	beyond	the	original	2019	deadline.	It	is	not	clear	what
may	happen	if	the	European	Commission	imposes	fines	within	this	negotiation	period,	or	whether,	since	the	infraction	proceedings	were	initiated	within	the	period	of	EU	membership,	liability	for	fines	would	remain	regardless	of	‘Brexit’.
The	final	warning,	issued	by	the	European	Commission	to	the	UK	in	February	2017,	was	also	issued	to	Germany,	France,	Spain	and	Italy	for	their	failure	to	address	repeated	breaches	of	air	pollution	limits	for	NO2.	It	is	clear	that	the	inability	to	achieve	the	NO2
limit	value	is	widespread,	with	exceedences	in	23	of	the	28	Member	States	and	infringement	proceedings	against	12	of	them	(European	Commission,	2017).	This	critical	examination	of	UK	air	quality	policy	may	therefore	have	broader	applicability	for	the	majority	of	EU
Member	States	as	well	as	for	other	countries	seeking	to	implement	the	EU	model	of	air	quality	management.
Governments	of	many	of	the	world’s	most	polluted	cities,	particularly	in	developing	nations,	look	to	the	EU	and	UK	approach	to	air	quality	management	as	an	example	of	better	practice,	for	example	in	India	(Gulia	et	al.,	2015)	and	South	Africa	(Naiker	et	al.,
2012).	While	it	is	clear	that	there	has	been	considerable	success	in	minimising	exposure	to	industrial	and	domestic	emissions	since	the	Clean	Air	Act	1956	(Longhurst	et	al.,	2016),	the	UK	has	not	yet	managed	to	achieve	the	same	for	road	traffic,	despite	20	years	of	air
quality	policy	seeking	to	reduce	traffic	pollution	(Longhurst	et	al.,	1996;	Beattie	et	al.,	2001;	Longhurst	et	al.,	2006;	Longhurst	et	al.,	2009;	Barnes	et	al.,	2014).
This	paper	adds	to	this	body	of	evidence	critically	reviewing	the	UK	government’s	approach	to	managing	traffic-related	pollution,	particularly	NO2,	over	the	last	two	decades	in	order	to	present	an	appraisal	of	its	achievements	and	limitations	upon	which	lessons,
both	positive	and	negative,	may	be	learnt.	The	unique	premise	for	this	paper,	however,	is	its	criticism	of	the	dual	approaches	implemented	in	responding	to	separate	EU	and	UK	air	quality	legislation	for	NO2.	It	is	argued	that	local	authorities	cannot	be	held	responsible	for
the	UK’s	failure	to	achieve	the	EU	limit	values	due	to	fundamental	differences	between	local	government	responsibilities	under	Local	Air	Quality	Management	(LAQM)	and	the	UK	compliance	assessment	reporting	to	the	European	Commission.	Furthermore,	it	is	argued
that	unambitious	and	counterproductive	national	policy	and	the	failure	of	EU	light-duty	vehicle	type	approval	tests	and	Euro	standards	to	reduce	real-world	NOx	emissions	are	the	main	reasons	for	continued	limit	value	exceedences.	This	failure	of	EU	and	national	air
quality	policy	has	effectively	undermined	local	authority	action	to	improve	local	air	quality,	resulting	in	delays	in	achieving	the	standards,	wasted	resources	at	local	and	national	levels,	and,	ultimately,	unnecessary	loss	of	life	and	increased	morbidity	in	the	UK	population.
This	premise	is	based	on	extensive	policy	research	(Longhurst	et	al.,	1996;	Beattie	et	al.,	2001;	Longhurst	et	al.,	2006;	Longhurst	et	al.,	2009;	Barnes	et	al.,	2014),	and	more	than	60	person	years’	cumulative	experience	of	the	authors	developing	air	quality	policy
in	other	countries,	advising	the	European	Commission	on	 its	review	of	 the	AAQD,	assisting	Defra	and	the	Devolved	Administrations	with	conducting	 the	Review	and	Assessment	aspect	of	LAQM,	 including	contributing	 to	 the	development	of	statutory	guidance,	and
working	with	local	government	in	fulfilment	of	their	LAQM	responsibilities.
1.1	Impacts	of	NO2	exceedences	in	the	UK
The	ambient	air	quality	objectives	and	limit	values	set	in	UK	and	EU	legislation	are	derived	from	health-based	standards,	originally	published	by	the	WHO	in	1987	and	subsequently	revised	and	interpreted	by	UK	governmental	advisory	groups	(Jones	et	al.,	2016).
In	a	recent	review	of	the	growing	body	of	epidemiological	and	mechanistic	evidence,	the	Committee	on	the	Medical	Effects	of	Air	Pollution	(COMEAP,	2015,	p.5)	stated	that,	as	well	as	being	a	marker	of	the	effects	of	other	traffic-related	pollutants,	“…evidence	now	suggests
that	it	would	be	sensible	to	regard	NO2	as	causing	some	of	the	health	impact	found	to	be	associated	with	it	in	epidemiological	studies”.	Furthermore,	evidence	suggests	that,	similarly	to	fine	particulates,	NO2	is	a	non-threshold	pollutant	(Jarvis	et	al.,	2010;	WHO,	2013)	 indicating	that
health	effects	are	experienced	at	concentrations	below	the	WHO	standards	(and	consequently	the	existing	EU	limit	values	and	national	ambient	air	quality	objectives).
Based	on	recommendations	from	COMEAP,	Defra	have	revised	previous	estimates	of	the	UK	annual	equivalent	attributable	deaths	(29,000	based	purely	on	long-term	exposure	to	anthropogenic	PM2.5	(COMEAP,	2010))	to	include	both	PM	and	NO2.	The	combined
mortality	(44,750	-	–52,500	p.a.)	is	therefore	greater	than	the	combined	impacts	of	obesity	(~30,000	deaths),	alcohol	consumption	(8697)	and	road	traffic	accidents	(1732),	and	has	an	associated	social	cost	in	the	range	£25.3bn	-	–£29.7bn	and	productivity	costs	of	£2.6bn
(Public	Health	England,	2016;	Office	for	National	Statistics,	2016;	Department	for	Transport,	2016a;	Defra,	2015b;	Ricardo-AEA,	2014).	With	81.5%	of	the	2011	population	of	England	and	Wales	living	in	urban	areas	(Office	for	National	Statistics,	2013),	the	potential	for	acute	and
chronic	effects	of	 traffic-related	pollutants,	 including	PM	and	NO2,	 is	substantial.	 In	addition	 to	 the	health	effects	and	consequent	cost	of	air	pollution,	 there	are	also	significant	additional	social	 impacts.	With	 the	young,	elderly	and	 infirm,	and	those	 living	 in	 the	most
deprived	areas	(Brunt	et	al.,	2017),	most	at	risk,	there	are	environmental	justice	implications	as	families	with	young	children	and	those	living	in	poverty	are	more	likely	to	reside	in	areas	with	the	highest	NO2	and	road	NOx,	although	households	in	more	affluent	areas	provide
the	greatest	per	household	contribution	to	road	NOx	emissions	by	owning	more	vehicles,	having	on	average	higher	household	NOx	emissions	from	private	vehicles	and	driving	further	distances	than	poorer	households	(Barnes	and	Chatterton,	2016).
1.2	UK	air	quality	policy
The	UK	has	operated	a	twin-track	approach	to	air	quality	policy	since	the	UK	Environment	Act	1995	and	the	EU	Air	Quality	Framework	Directive	(Council	Directive	96/62/EC).	At	an	EU	level,	the	UK	national	government	has	a	responsibility	to	comply	with	EU	air
quality	legislation,	such	as	the	National	Emissions	Ceiling	Directive	(2001/81/EC)	(now	revised	NECD	2016/2284/EU)	and	the	Ambient	Air	Quality	Directive	(2008/50/EC),	with	responsibility	for	the	latter	devolved	to	the	national	administrations	of	England,	Scotland,	Wales
and	Northern	Ireland,	although	Defra	coordinates	assessment	and	air	quality	plans	for	the	UK	as	a	whole.
At	a	national	level,	UK	legislation	(Environment	Act	1995,	Part	IV)	sets	out	national	air	quality	objectives,	embodied	in	statutory	regulations,	and	a	strategy	requiring	local	government,	through	the	LAQM	regime,	to	identify	and	address	local’	hotspot’	exceedences
of	these	air	quality	objectives	and	develop	Air	Quality	Action	Plans	that	complement	action	taken	at	a	national	level	(Longhurst	et	al.,	1996;	Beattie	et	al.,	2001;	Longhurst	et	al.,	2006;	Longhurst	et	al.,	2009;	Barnes	et	al.,	2014).
On	the	face	of	it,	this	subsidiarity	approach	would	appear	to	be	pragmatic,	providing	the	scope	for	local	management	of	sources	to	contribute	to	the	reduction	of	pollutants	to	enable	compliance	with	both	national	and	European	air	quality	legislation.	The	lack	of
commonality	between	the	EU	and	national	legislation,	however,	has	meant	that	these	twin	approaches	have	not	been	adequately	integrated	within	UK	air	quality	policy,	thereby	undermining	the	potential	for	LAQM	to	contribute	to	achievement	of	the	EU	limit	values.	This
paper	explores	this	lack	of	integration.
2	Exploring	the	differences	between	EU	and	UK	air	quality	legislation
Underpinning	the	twin-track	approach	to	air	quality	policy	in	the	UK	are	two	different	sets	of	regulations.	The	Air	Quality	(Standards)	Regulations	2010	(preceded	by	the	Air	Quality	Limit	Values	Regulations	2001)	transposed	into	English	law	the	requirements	of
the	AAQD	(2008/50/EC)	and	the	4thth	Daughter	Directive	(2004/107/EC),	with	equivalent	regulations	made	by	the	devolved	administrations	(DAs)	in	Scotland,	Wales	and	Northern	Ireland.	These	Air	Quality	(Standards)	Regulations	therefore	set	out	EU	limit	values	for
which	Defra	is	the	competent	UK	authority	for	ensuring	compliance.	The	Air	Quality	(England)	Regulations	2000	(amended	2002),	however,	set	the	national	objectives	for	national	and	local	governments	in	England	with	equivalent	regulations	set	for	the	DAs	(Table	1).
Table	1	Differences	between	UK	implementation	of	EU	AAQD	and	local	air	quality	management. (I	have	added	in	markers	before	the	headings	in	column	1	as	when	formatted	the	table	rows	are	not	clearly	demarcated.)
alt-text:	Table	1
EU	AAQD UK	LAQM
-Legislation The	AAQD	(2008/50/EC)	and	the	4th	Daughter	Directive	(2004/107/EC)	transposed	into	English	law	by	theAir	Quality	(Standards)	Regulations	2010	(preceded	by	the	Air	Quality	Limit	Values	Regulations	2001) The	Air	Quality	(England)	Regulations	2000	(amended	2002)
-Responsibility National	government	(Defra) National	governments	and	local	authorities	(although	local	authorities	are	only	required	to	work	inpursuit	of	the	objectives)
-Annual	mean	NO2	deadline 1st	January	2010	(1st	January	2015	under	TEN) 31st	December	2005
-Scale	of	operation 43	zones	and	agglomerations	based	on	population	size 389	local	authorities
-Scale	of	NO2	annual	mean	limit
value/	air	quality	objective
exceedences
37	(86%)	zones	and	agglomerations	(2015) 613	Air	Quality	Management	Areas	(AQMAs)	in	259	(67%)	local	authorities	(September	2016)
-Relevant	exposure As	determined	by	the	averaging	period	of	the	limit	value. As	determined	by	the	averaging	period	of	the	air	quality	objective,	e.g.	building	facades	ofresidential	properties,	schools,	hospitals	and	care	homes	(annual	mean	NO2	objective)
-Monitoring	requirement At	least	one	monitoring	station	per	zone/agglomeration,	representing	a	maximum	100,000	 km2,	whereconcentrations	are	highest	and	there	is	relevant	exposure
No	legal	requirement	to	monitor,	but	recommended	assessment	should	be	made	at	the	‘worst-
case’	location	representative	of	relevant	exposure
-Monitoring	site	scale Representative	of	street	segments	no	less	than	100 m	in	length,	with	traffic-oriented	sampling	at	least	25 mfrom	major	junctions	and	no	more	than	10 m	from	the	kerbside
‘Roadside’	monitoring	within	1-–5 m	(up	to	15 m)	from	the	kerb	of	a	busy	road;	narrow,	congested
streets	and	junctions	where	there	is	a	relatively	high	volume	of	traffic	and	relevant	exposure
-Monitoring	site	type	(NO2) Chemiluminescence Chemiluminescence	(or	other	MCERTS-approved	monitor)	and/or	Palmes-type	diffusion	tubes
-Monitoring	site	classifications Urban/Suburban/Rural	and	Traffic/Industrial/Background Urban	centre,	Urban	background,	Suburban,	Roadside,	Kerbside,	Industrial,	Rural	and	Other
-Model Pollution	Climate	Mapping	(PCM)	model Dispersion	modelling,	e.g.	ADMS-Roads
-Model	resolution Background	concentrations	of	NO2	at	1	 km2	resolution	and	roadside	NO2	for	~10,000	major	road	links
nationally
Urban	hotspots	and	locally-managed	roads	(~10 m2)
-Meteorological	data Single	site	(Waddington) Local/regional	representative	site
-Model	verification	accuracy ±30% ±25%
Although	the	EU	limit	value	thresholds	to	be	achieved	under	the	Air	Quality	(Standards)	Regulations	are	largely	the	same	as	the	national	objective	thresholds	under	the	Air	Quality	(England)	Regulations,	the	achievement	deadlines	differ	for	many	pollutants,
including	NO2	(Table	1).	For	example,	the	annual	mean	NO2	limit	value	of	40 μg/m3	1	 (Please	can	you	add	a	space	between	the	superscript	3	and	the	footnote	identifier	as	the	numbers	run	together	as	31.)was	to	be	achieved	by	1stst	January	2010.	The	AAQD	also	introduced	the
option	for	Member	States	to	apply	for	an	extension	period	of	up	to	five	years	on	the	NO2	limit	value	deadline	up	to	1stst	January	2015.	As	stated	in	the	introduction,	the	UK	government	exercised	this	option	in	applying	for	an	extension	in	24	of	the	40	exceeding	zones	in
2011	(European	Commission,	2012).	The	Air	Quality	(England)	Regulations	2000	(amended	2002)	specified	an	achievement	deadline	for	the	40 μg/m3	annual	mean	NO2	objective	of	31stst	December	2005.	However,	as	stated	in	section	84(2)	of	the	1995	Environment	Act,
local	authorities	were	only	required	to	work	“in	pursuit	of	the	achievement”	in	recognition	that	they	cannot	be	held	solely	responsible	for	air	pollution	occurring	in	their	areas	due	to	transboundary	emissions	and	sources	beyond	their	control.	Furthermore,	as	the	2007	Air
Quality	Strategy	for	England,	Scotland,	Wales	and	Northern	Ireland	states:	“The	air	quality	objectives	in	the	Air	Quality	Strategy	are	a	statement	of	policy	intentions	or	policy	targets.	As	such,	there	is	no	legal	requirement	to	meet	these	objectives	except	in	as	far	as	these
mirror	any	equivalent	legally	binding	limit	values	in	EU	legislation”	(Defra,	2007,	p.	15).
By	operating	dual	sets	of	regulations,	applicable	to	national	and	local	governments	separately,	with	differing	dates	of	achievement,	the	UK	government	divorced	local	air	quality	management	from	the	goal	of	achieving	EU	limit	values.	Local	government	has	no
responsibility	to	achieve	the	Air	Quality	(Standards)	Regulations	(which	transpose	the	AAQD),	but	the	Air	Quality	(England)	Regulations	2000	(amended	2002)	(which	are	relevant	for	local	authorities)	are	not	directly	related	to	the	EU	legislation.	Indeed,	the	Environment
Act	(Part	IV)	(84	2b)	requires	local	authorities	only	to	work	in	pursuit	of	the	national	air	quality	objectives,	in	recognition	that	their	jurisdictions	are	subject	to	sources	beyond	their	control.	In	recent	years,	Defra,	under	their	review	of	LAQM	consultation,	has	attempted	to
streamline	the	two	sets	of	regulations	(Defra’s	preferred	Option	(3)	in	the	2013	round	of	consultation	(Defra,	2013a))	in	order	that	local	authorities	may	work	towards	achieving	the	EU	limit	values	directly.	However,	this	plan	was	not	taken	forward	following	concern	from
consultees	that	that	this	would	neglect	local	exceedences	(Defra,	2013b)	and	therefore	remove	the	prime	purpose	of	LAQM.	Nevertheless,	moves	towards	alignment	continue	for	other	pollutants	with	the	latest	LAQM	Policy	Guidance	(LAQM.PG	(16))	stating	that	local
authorities	in	England	now	have	a	“flexible	role	in	working	towards	reducing	emissions	and	concentrations	of	PM2.5”	(Defra,	2016b,	p.7),	and	in	Scotland	a	new	air	quality	objective	has	been	introduced	for	PM2.5	to	assist	national	government	in	attaining	its	EU	target	and
limit	values	for	this	pollutant.
2.1	Scales	of	operation
A	key	difference	between	EU	and	UK	air	quality	legislation	is	their	relative	scales	of	operation	(Table	1).	The	AAQD	requires	Member	States	to	designate	zones	and	agglomerations	based	on	population	size,	with	agglomerations	representing	those	zones	with
more	than	250,000	inhabitants	or	in	excess	of	a	Member	State-defined	population	density.	In	the	UK	this	results	in	43	zones	and	agglomerations,	within	which	the	government	is	required	to	assess	air	quality	exposure	and	report	on	compliance	against	the	limit	values	set
out	in	the	AAQD	to	the	European	Commission.
By	contrast,	under	the	LAQM	regime,	compliance	with	the	national	air	quality	objectives	is	devolved	to	local	authorities,	of	which	there	are	389	in	the	UK,	covering	unitary	and	metropolitan	authorities,	boroughs	and	districts.	(This	does	not	include	 ‘upper-tier’
county	authorities,	which	although	having	transport	management	responsibilities	do	not	have	air	quality	management	responsibility.)	With	the	UK’s	zones	and	agglomerations	having	been	based	on	subsequently	abolished	Government	Office	Regions	(which	had	never
had	any	jurisdiction	for	air	quality),	there	is	no	clear	geographical	relationship	between	these	and	the	local	authorities,	i.e.	boundaries	are	not	coterminous	and	local	authorities	often	fall	within	more	than	one	zone	or	agglomeration	(Figs.	1	&	2).	This	is	despite	European
Commission	advice	that	zones	should	be	related	to	administrative	areas	for	the	purposes	of	management	(European	Commission,	2004).	The	effect	of	this	lack	of	geographical	‘nesting’	is	that	reporting	against	the	national	air	quality	objectives	cannot	be	easily	aligned	with
reporting	against	the	EU	limit	values,	and	that,	in	the	event	of	implementation	of	the	Localism	Act	2011	(Part	2),	responsibility	for	non-compliance	in	any	zone	or	agglomeration	could	not	therefore	be	directly	attributed	to	particular	local	authorities.
Fig.	1	AQMAs	and	Zones	and	Agglomerations	(January	2017)	(for	colour	image	please	view	online).
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2.2	Assessing	the	risk	of	exceedence
2.2.1	Monitoring
Under	EU	legislation,	compliance	assessment	takes	the	form	of	monitoring	(which	may	be	supplemented	with	modelling).	Each	zone/agglomeration	should	have	at	least	one	monitoring	station	representing	a	maximum	100,000	km2	where	concentrations	are	highest	and	there	is	relevant
exposure.	In	addition,	macroscale	siting	criteria	set	out	in	Annex	III	of	the	Directive	require	sampling	points	to	be	representative	of	street	segments	no	less	than	100 m	in	length,	with	traffic-oriented	sampling	at	least	25 m	from	major	junctions	and	no	more	than	10 m	from	the	kerbside.	In	2015,
Defra	operated	an	Automatic	Urban	and	Rural	Network	 (AURN)	of	131	monitoring	sites	 for	 the	purposes	of	 reporting	 to	 the	European	Commission,	using	 the	mandatory	 reference	method	described	 in	EN	14211:2005	 ‘Ambient	air	quality	—	Standard	method	 for	 the	measurement	 of	 the
concentration	of	nitrogen	dioxide	and	nitrogen	monoxide	by	chemiluminescence’	(Defra,	2016c).	To	ensure	a	standardised	and	rigorous	approach,	Quality	Assurance	and	Control	(QA/QC)	for	the	entire	AURN	is	undertaken	by	one	organisation,	Ricardo	Energy	&	Environment	(AEA	Group,	2009).
Under	LAQM,	local	authorities	are	required	to	‘review	and	assess’	ambient	concentrations	in	their	jurisdictions	against	the	national	air	quality	objectives.	Assessment	should	be	made	at	‘worst-case’	locations	representative	of	relevant	exposure.	According	to	the	government’s	Technical
Guidance	LAQM.TG(16),	a	typical	‘roadside’	monitoring	location	should	be	“within	one	to	five	metres	of	the	kerb	of	a	busy	road	(although	distance	can	be	up	to	15 m	from	the	kerb	in	some	cases)”	(Defra,	2016d,	p.7-–40).	Furthermore,	 local	authorities	are	explicitly	required	to	assess	NO2	at
narrow,	congested	streets	and	junctions	where	there	is	a	relatively	high	volume	of	traffic	and	relevant	exposure,	i.e.	beyond	the	requirement	of	the	AAQD.
The	local	authority	reference	method	for	monitoring	NO2	is	chemiluminescence,	however	local	authorities	are	also	permitted	to	use	alternative	MCERTS-approved	continuous	monitors.	In	addition,	passive	monitoring,	e.g.	Palmes-type	diffusion	tubes,	are	also	widely	used	as	a	cheaper
and	more	easily-sited	substitute	for	continuous	monitoring	(Defra,	2016d).	However,	some	local	authorities	that	have	previously	demonstrated	likely	compliance	with	the	national	air	quality	objectives	do	not	operate,	or,	given	that	there	is	no	explicit	requirement	for	local	authorities	to	monitor,	in
some	cases	have	never	operated,	any	monitoring	regime.	Where	necessary,	operation	and	QA/QC	of	local	authority	monitoring	sites	is	normally	assigned	to	Environmental	Health	Officers	(EHOs).	Some	local	authority-run	monitoring	sites	do	meet	EU	legislative	requirement	on	quality,	siting,	etc.
and	are	affiliated	 to	 the	government’s	AURN	but,	despite	efforts	 to	standardise	monitoring	procedures	and	 reporting	 through	 the	 implementation	of	 technical	guidance	provided	by	Defra,	 there	are	 inevitably	 inconsistencies	between	 local	authorities,	 for	example	 in	 identification	of	 suitable
monitoring	locations	and	in	interpretation	of	the	data	(Woodfield	et	al.,	2003;	Barnes,	2014).
As	of	September	2016	there	were	613	Air	Quality	Management	Areas	(AQMAs)	in	up	to	259	local	authorities	(Table	1)	representing	exceedences	of	the	national	air	quality	objective	for	annual	mean	NO2	(Defra,	2016a).	On	that	basis,	even	with	affiliated	local	authority-run	sites,	there
are	insufficient	AURN	monitors	to	report	against	all	 local	exceedence	sites,	necessitating	a	reliance	on	local	authority	monitoring	to	 identify	 local	hotspots.	Inconsistencies	between	EU	and	LAQM	monitoring	requirements,	however,	mean	that	data	from	many	local	authority	monitors	are	not
reportable	to	the	European	Commission	for	the	purposes	of	UK	compliance	assessment.	Hence,	the	opportunity	for	local	assessment	to	contribute	to	national	reporting	has	not	been	fully	utilised.
As	well	as	differences	between	AURN	and	LAQM	siting	criteria,	monitoring	types	and	quality	assurance,	there	are	also	discrepancies	between	site	classifications	(Table	1).	EU	compliance	assessment	under	the	AAQD	has	formal	definitions	relating	to	nomenclatures	for	site	types
reflecting	 environment	 and	 source,	 e.g.	Urban/Suburban/Rural	 and	Traffic/Industrial/Background.	 Local	 authority	monitoring	 site	 types,	 however,	 have	 been	 loosely	 classified	 in	 the	 Technical	Guidance	 (LAQM.TG(16))	 as:	Urban	 centre,	Urban	 background,	Suburban,	Roadside,	 Kerbside,
Industrial,	Rural	and	Other,	with	no	clear	link	between	the	two	sets	of	definitions.	In	practice,	this	has	resulted	in	local	authorities	identifying	their	AURN-affiliated	sites	in	their	LAQM	reports	using	different	classifications	to	those	used	by	Defra	to	report	the	same	sites	to	the	European	Commission.
In	the	draft	2016	LAQM	Technical	Guidance,	Defra	proposed	a	synchronisation	of	the	EU-approved	and	LAQM	site	classifications,	albeit	on	a	voluntary	basis	(Defra,	2015c);	however,	this	recommendation	was	rescinded	in	the	final	version	of	the	guidance,	presumably	to	avoid	confusion.
2.2.2	Atmospheric	dispersion	modelling
For	the	purposes	of	compliance	assessment	against	the	AAQD,	in	the	UK	(and	the	Netherlands)	the	national	monitoring	network	is	supplemented	with	modelling	(Carslaw	et	al.,	2013).	The	UK	Pollution	Climate	Mapping	(PCM)	model	represents	background	concentrations	of	NO2	on	a
1	 km2	resolution	and	roadside	NO2	for	approximately	10,000	major,	nationally-managed,	trunk	road	links	(Ricardo-AEA,	2015),	using	the	National	Atmospheric	Emissions	Inventory	(NAEI)	and	COPERT	emission	factors,	with	meteorological	data	from	a	single	weather	station	site	(Waddington),	to
estimate	NOx	and	NO2	concentrations	across	the	UK.	The	model	is	calibrated	using	data	from	national	monitoring	network	sites	with	>75%	data	capture.	A	combination	of	these	national	sites	and	approved	local	authority	automatic	monitoring	sites	are	then	used	to	verify	that	modelled	NO2
concentrations	are	within	±30%,	i.e.	the	data	quality	objective	(DQO)	specified	in	Annex	1	of	the	AAQD.	The	spatial	representivity	of	verification	sites,	however,	is	not	assessed,	and,	although	agreement	between	modelled	and	monitored	NO2	at	background	sites	is	generally	good	(R2 = 0.71),
there	is	poor	agreement	at	roadside	sites	(R2 = 0.45),	with	modelled	concentrations	failing	to	achieve	the	DQO	at	more	than	a	third	(34.9%)	of	the	verification	sites	(Ricardo-AEA,	2015).	In	a	comparison	between	AURN	background	sites	and	the	1	 km2	background	maps,	however,	the	Defra	maps
have	been	found	to	under-predict	the	background	NOx	and	NO2	concentrations	by	20.8%	and	10.2%	on	average,	respectively	in	2016	(Air	Quality	Consultants,	2017).	The	government	also	uses	the	PCM	model	to	make	future	year	projections	on	the	likely	achievement	of	limit	values	for	the
purposes	of	developing	air	quality	plans	that	demonstrate	compliance	in	the	shortest	possible	time,	as	per	Article	23	of	the	AAQD.	As	discussed	in	sSection	2.3	below,	the	accuracy	of	COPERT	emission	factors,	on	which	the	PCM	model	forecasts	are	based,	has	called	into	question	the	reliability
of	those	projections.
Local	authorities	may	also	undertake	dispersion	modelling	to	supplement	monitoring	data	in	order	to	better	understand	the	extent	and	local	distribution	of	UK	air	quality	objective	exceedences.	Contour	maps	are	commonly	used	to	identify	the	extent	of	an	exceedence	prior	to	declaration
of	an	AQMA,	and	dispersion	modelling	can	also	be	used	to	estimate	source	apportionment	to	inform	the	development	of	local	air	quality	action	plans.	A	range	of	local	or	regional	forecast	models	are	used	to	assess	the	impact	of	proposed	measures	for	action	plan	development,	and	traffic	and
Fig.	2	M25	AQMA	in	Runnymede	and	Spelthorne	AQMA	demonstrating	non-contiguity	with	the	South	East	Zone	and	Greater	London	Agglomeration	(for	colour	image	please	view	online).
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land-use	planning.	In	order	to	accurately	reflect	local	conditions,	local	dispersion	modelling	is	therefore	at	a	much	finer	spatial	resolution	(~10 m2)	than	national	modelling	and	more	locally	detailed,	normally	utilising	regional	meteorological	data,	local	traffic	count	data,	road	widths	and	building
heights.	Modelled	outputs	are	verified	against	local	monitoring	sites,	often	diffusion	tubes	in	the	absence	of	automatic	monitors,	and	adjusted	to	within	±25%,	or	preferably	±10%,	of	the	measured	data	(Defra,	2016d).
Although	 national	modelling	 provides	 estimates	 of	 background	 concentrations	 and	 contributions	 from	 nationally-managed	 roads,	 it	 does	 not	 attempt	 to	 accurately	model	 concentrations	 in	 urban	 areas	 or	 contributions	 from	 locally-managed	 roads.	 According	 to	Defra,	 this	 is	 the
responsibility	of	local	government,	but	despite	the	relative	spatial	precision,	a	lack	of	resourcing	to	generate	high	quality	input	data	and	a	reliance	on	relatively	low-quality	sensors	to	verify	and	adjust	model	outputs,	means	that	there	is	often	a	high	level	of	uncertainty	inherent	in	local	dispersion
modelling.	In	addition,	recognised	inaccuracies	between	real-world	emissions	and	the	COPERT	emission	factors,	on	which	both	local	and	national	models	rely,	calls	into	question	the	validity	of	modelled	outputs	at	all	scales.	Indeed,	local	authorities	are	advised	that,	where	representative	local
background	monitoring	data	are	available,	these	should	be	used	to	verify	Defra’s	modelled	background	maps	(Defra,	2016d).
2.2.3	Exceedence	and	exposure
Although	 the	principle	 of	 relevant	 exposure	 in	 relation	 to	 the	averaging	period	of	 the	 limit	 value/air	 quality	 objective	 is	 enshrined	 in	 both	 the	AAQD	 (Annex	 III	B	1(a))	 and	LAQM	Technical	Guidance	 (LAQM.TG(16))	 respectively,	 the	differences	between	 the	 respective	 scales	of
assessment	highlighted	above	(2.2.1	and	2.2.22.2.1	and	2.2.2)	mean	that	there	are	inconsistencies	in	how	these	translate	into	reported	exceedences.	There	are	instances	where	local	authorities	have	identified	exceedences	of	the	UK	air	quality	objectives,	which	are	not	reflected	in	Defra’s	reporting
of	EU	limit	value	exceedences.	For	example,	Blackpool	and	Preston,	agglomerations	were	reported	as	compliant	with	the	annual	mean	limit	value	for	NO2	in	2013	(Defra,	2015a),	but,	according	to	the	2014	LAQM	Progress	Reports	(Blackpool	Borough	Council,	2014;	Preston	City	Council,	2014),
had	active	AQMAs	(Figs.	3	&	4)	and	measured	exceedences	at	sites	of	relevant	exposure	in	that	year.	Highland	and	Northern	Ireland	zones	were	also	reported	as	achieving	the	EU	limit	value	for	NO2	in	2015,	but	have	AQMAs	(e.g.	Inverness)	in	January	2017	(Fig.	1).	Even	within	zones	and
agglomerations	reported	as	non-compliant,	 the	extent	of	exceedences	is	often	underreported	by	Defra	as,	while	modelling	arguably	registers	more	areas	of	exceedence	than	monitoring	alone,	neither	AURN	monitors	nor	PCM	modelling	capture	local	pollution	hotspots	where	relevant	public
exposure	exists.
Fig.	3	Blackpool	Urban	Area	with	NO2	annual	mean	AQMAs	(for	colour	image	please	view	online).
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2.3	Action	planning
The	differences	between	 the	diagnosis	of	air	 quality	exceedences	nationally	and	 locally,	 as	 identified	 in	sSection	2.2,	 continues	with	 the	management	 of	 air	 quality	 through	 their	 respective	action	plans.	The	obvious	differences	between	national	 and	 local
government’s'	scope,	scale,	resources	and	powers	provides	another	key	opportunity	for	local	and	national	measures	to	be	complementary,	with	national	actions	dealing	with	the	broader,	underlying	issues	cross-departmentally,	which	in	turn	facilitates	implementation	of
local	actions	to	reduce	concentrations	in	hotspot	locations	(Beattie	et	al.,	2001,	2004).	In	reality,	however,	the	effectiveness	of	this	elegant	solution	has	been	undermined	by	ineffectual	leadership	from	national	government	and	a	lack	of	coordination	between	national	and
local	actions	(Barnes,	2014),	as	illustrated	in	these	sections.
Article	23	of	the	AAQD	requires	Member	States	to	produce	air	quality	plans	where	exceedences	of	the	limit	values	occur	and	Annex	XV	sets	out	the	information	to	be	included	in	the	local,	regional	or	national	air	quality	plans	for	improvement	in	ambient	air	quality,
including	measures	proposed;	local,	regional,	national	and	international	measures	adopted	prior	to	the	AAQD	and	their	effects;	measures	adopted	following	the	AAQD,	including	timetables	for	implementation,	estimated	improvement	in	air	quality	and	expected	timescale
to	achieve	limit	values;	planned	long-term	measures;	and	supporting	evidence.
The	2007	Air	Quality	Strategy	for	England,	Scotland,	Wales	and	Northern	Ireland,	and	its	predecessors	in	1997,	2000	and	2003,	set	out	the	national	and	local	approaches	to	meet	the	national	air	quality	objectives.	Whilst	acknowledging	that	the	2005	objective
deadline	had	been	missed	and	that	many	urban	areas	and	major	roads	would	continue	to	exceed	by	the	AAQD	deadline	in	2010,	the	2007	Strategy	only	recommended	three	new	measures:
• 	Incentivising	the	early	uptake	of	new	tighter	European	vehicle	emissions	standards	(Euro-standards);
• Increased	uptake	of	low	emission	vehicles;
Reducing	emissions	from	ships.• Reducing	emissions	from	ships.
These	limited	measures	rely	primarily	on	future	improvements	in	European	emission	standards,	despite	recognising	their	limited	effectiveness	to	date.	The	Strategy	also	suggested	that,	at	a	local	level,	encouraging	modal	shift	and	active	travel	could	be	effective.
The	lack	of	ambition	apparent	in	the	2007	Strategy	has	unsurprisingly	resulted	in	similarly	weak	UK	air	quality	plans.
Fig.	4	Preston	Urban	Area	with	NO2	annual	mean	AQMAs	(for	colour	image	please	view	online).
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The	air	quality	plans	submitted	by	Defra	as	part	of	their	2011	TEN	application	were	partially	rejected	by	the	European	Commission	for	lacking	ambition	and	relying	on	discretionary	implementation	of	Low	Emission	Zones	by	local	authorities	(European	Commission,
2012).	Environmental	law	group,	ClientEarth,	initiated	legal	proceedings	against	the	UK	government’s	interpretation	of	the	AAQD	as	the	TEN	application	did	not	include	those	zones	and	agglomerations	that	Defra’s	models	indicated	would	not	be	able	to	achieve	the	limit
value	within	the	permitted	five-year	extension	period.	The	case,	which	was	heard	in	the	UK	High	Court,	Court	of	Appeal	and	UK	Supreme	Court	and	was	referred	to	the	CJEU,	eventually	resulted	in	a	Supreme	Court	ruling	[2015]	UKSC	28	that	the	UK	government	must
submit	an	air	quality	plan	to	the	European	Commission	by	31stst	December	2015	that	would	set	out	measures	to	bring	concentrations	of	NO2	within	legal	levels	as	soon	as	possible	in	accordance	with	Article	23(1)	of	the	AAQD	(UK	Supreme	Court,	2015).	In	commenting	on
the	government’s	previous	air	quality	plans,	the	Supreme	Court	judge	also	noted	that:	“the	Commission	observed	that	there	appeared	to	have	been	a	choice	of	‘less	expensive	and	intrusive	measures’	than	those	that	would	be	required	to	put	an	end	‘to	a	string	of	continuous	breaches	of
the	limit	values’”	(UK	Supreme	Court,	2015,	p.7).
Although	the	Commission’s	response	to	the	UK’s	Air	Quality	Plan	(Defra,	2015a),	duly	submitted	at	the	end	of	2015,	has	yet	to	be	heard,	the	UK	High	Court	has	already	ruled	on	its	inadequacy.	In	his	ruling	dated	2ndnd	November	2016,	Mr	Justice	Garnham
quashed	the	Air	Quality	Plan	(AQP)	stating:	“In	my	judgement,	the	AQP	did	not	identify	measures	which	would	ensure	that	the	exceedance	period	would	be	kept	as	short	as	possible;	instead	it	identified	measures	which,	if	very	optimistic	forecasts	happened	to	be	proved	right	and	emerging
data	happened	to	be	wrong,	might	achieve	compliance.	To	adopt	a	plan	based	on	such	assumptions	was	to	breach	both	the	Directive	and	the	Regulations.”	(UK	High	Court,	2016,	para.	86).	Garnham’s	criticisms	of	the	2015	AQP	cited	evidence	that	ministers	had	knowingly	favoured
the	most	optimistic	modelled	NO2	forecasts.	By	relying	on	unrealistic	COPERT	emission	factors	the	modelled	exceedence	areas	and	compliance	forecasts	are	likely	to	have	underestimated	the	challenge	that	the	action	plan	seeks	to	address	and	therefore	the	proposed
actions	are	unlikely	to	be	sufficient	to	meet	the	AAQD	requirement	of	ensuring	the	exceedence	period	will	be	kept	“as	short	as	possible”	(Article	23(1)).
The	government	was	thus	ordered	to	produce	a	revised	draft	AQP	by	24thth	April	2017	and	a	final	plan	by	31stst	July	2017,	a	tightening	of	Defra’s	formerly	proposed	deadline	of	September	2017,	which	the	High	Court	ruled	as	“far	too	leisurely”.	Further	proposed
delays	to	the	plan	were	also	thwarted	as	a	late	request,	received	from	the	government	on	21stst	April	2017,	for	a	‘purdah’2	extension	to	the	draft	AQP	deadline	until	after	the	June	General	Election	was	refused	by	the	High	Court	on	27th	April.	An	extension	until	9thth	April.	An
extension	until	9th	May,	after	local	elections	was	permitted	(ClientEarth,	2017a),	however	the	draft	plan	(JAQU,	2017),	which	was	released	for	consultation	on	5thth	May	2017	and	the	final	plan,	published	26thth	July	2017,	have	received	criticism	from	ClientEarth	(2017b;
2017c)	for	their	reliance	on	the	voluntary	implementation	of	non-charging	Clean	Air	Zones	(CAZs).
Under	consultation,	Defra’s	2015	AQP	was	also	heavily	criticised	for	its	reliance	on	local	authority	implemented	CAZs	(Defra	2016e).	According	to	Defra,	implementation	of	its	AQP	meant	that	modelled	exceedences	would	be	limited	to	six	cities	by	2020.	Leaving
aside	London,	where	an	Ultra	Low	Emission	Zone	(ULEZ)	is	planned	for	2019,	the	2017	plan	set	out	requirements	for	the	remaining	five	cities	(Birmingham,	Leeds,	Nottingham,	Derby	and	Southampton)	to	implement	mandatory	CAZs	based	on	Euro	vehicle	standard
restrictions,	and	instructing	22	other	local	authorities	to	submit	draft	CAZ	feasibility	studies	by	March	2018.	Implementing	Euro	vehicle	standard	restrictions	would	therefore	require	local	authorities	to	be	able	to	identify	the	Euro	standard	of	vehicles	entering	the	CAZ,
however	currently	national	vehicle	 records	held	by	 the	Driver	Vehicle	Licensing	Agency	(DVLA)	do	not	systematically	or	consistently	 link	vehicle	number	plates	with	emission	standards	making	 implementation	of	an	efficient	and	effective	system	 impossible.	The	UK
Department	for	Transport	(DfT)	is	investigating	how	this	may	be	reconciled,	however	without	comprehensively	amending	historic	records	for	all	vehicles	in	the	DVLA	database	it	is	difficult	to	see	how	this	can	be	achieved.	Critically,	in	both	of	the	2015	and	2017	AQPs,	the
government	does	not	mandate	cities	to	implement	a	charging	CAZ	that	includes	private	cars,	motorcycles	or	mopeds.	Local	authorities	may	choose	to	implement	a	CAZ	that	extends	to	cars	(Class	D),	but	the	proposed	framework	recommends	that	Euro	6	(diesel)	or	Euro
4	(petrol)	cars	should	be	allowed	free	entry	(Defra,	2016f).	This	is	despite	evidence	that	real-world	NOx	emissions	from	Euro	6	diesel	cars	are	on	average	twice	as	high	as	Euro	VI	heavy	duty	vehicles	on	a	per	vehicle	kilometre	basis	and	ten	times	higher	per	litre	of	fuel
used	(ICCT,	2016).
The	UK	national	government	has	consistently	adopted	an	overly	simplistic	approach	to	achieving	the	limit	values,	relying	on	the	implementation	of	stricter	vehicle	emission	standards	to	achieve	emission	reductions	under	the	NECD	targets,	with	the	expectation
that	these	would	result	in	commensurate	reductions	in	concentrations.	This	strategy	assumed	that	the	type	approval	tests,	which	assess	and	pass	new	vehicle	emissions,	were	reflective	of	real-world	driving	conditions.	The	fallibility	of	this	assumption	has	long	been	of
concern	for	researchers	(Kågeson,	1998)	as	the	type	approval	tests	had	not	been	designed	for	that	purpose,	and	discrepancies	between	test-derived	emission	factors	and	real-world	emissions	measurement	had	been	identified	in	the	first	decade	of	the	21stst	century
(Carslaw	et	al.,	2011;	Williams	and	Carslaw,	2011;	Carslaw	and	Rhys-Tyler,	2013,	Fontaras	et	al.,	2014).	Following	the	revelation	of	the	 ‘dieselgate’	scandal	 in	October	2015	in	which	Volkswagen	admitted	using	 ‘defeat	devices’	 in	some	models	to	reduce	emissions	under	test
conditions,	an	independently-reviewed	investigation	of	the	most	recent	Euro	5	and	6	models	of	diesel	light	duty	vehicles,	carried	out	by	the	UK	Department	for	Transport	(2016b),	found	that	on	average	on-road	NOx	emissions	were	six	times	greater	than	the	test	limits.	The
findings	of	the	DfT	report,	therefore,	confirmed	critics’	suspicions	and	seriously	undermined	Defra’s	2015	AQP	(ClientEarth,	2016).
The	failure	of	Euro	standards	to	deliver	the	expected	emission	reductions	has	been	cited	by	Defra	in	defence	of	its	inability	to	achieve	the	NO2	limit	value	(UK	Supreme	Court,	2015)	(i.e.	prior	to	the	preparation	of	its	2015	AQP	that	based	forecast	improvements	on
the	future	success	of	Euro	standards).	In	recognition	of	the	limitations	of	laboratory	test	cycles	to	reflect	real-world	emissions,	the	European	Commission	has	introduced	the	use	of	Portable	Emissions	Measurement	(PEM)	to	the	type	approval	tests	for	light	duty	vehicles	to
provide	an	assessment	of	real-driving	emissions	(RDE).	Defra’s	AQP	(2015a,	p.13)	claimed	that	the	“UK	has	been	pushing	strongly	for	action	to	ensure	that	emissions	testing	works	in	practice	for	light	duty	vehicles”,	however	the	setting	of	‘conformity	factors’3	under	the	proposed
new	tests	will	allow	motor	manufacturers	to	exceed	emission	standards	by	up	to	110%	for	all	new	vehicles	up	to	September	2019	and	then	by	50%	by	January	2021	(European	Commission,	2015).	Although	an	improvement	on	the	current	discrepancies	identified	between
real-world	and	test	emissions,	this	permitted	leeway	on	achievement	of	the	Euro	standards	means	that	real-world	emissions	are	likely	to	continue	to	exceed	test	values	and	therefore	Defra’s	forecasts	based	on	their	achievement	will	be	overestimated.
The	European	Commission	has	also	indicated	that	it	believes	the	UK	did	not	go	far	enough	in	ensuring	motor	manufacturers	were	held	to	account	over	emission	testing,	having	launched	additional	legal	proceedings	against	the	UK,	and	six	other	Member	States,
for	 failing	 to	 penalise	 the	use	of	 illegal	 defeat	 devices	 in	 type-approval	 tests	 and,	 additionally,	 for	 “refusing	 to	 disclose,	when	 requested	 by	 the	Commission,	 all	 the	 technical	 information	 gathered	 in	 their	 national	 investigations	 regarding	 potential	 nitrogen	 oxide	 (NOx)	 emissions
irregularities	in	cars	by	Volkswagen	Group	and	other	car	manufacturers	on	their	territories”	(European	Commission,	2016).
While	national	Air	Quality	Plans	should	have	the	capacity	to	be	able	to	reduce	background	concentrations	of	pollutants,	the	role	of	LAQM	is	to	focus	on	local	hotspots.	Following	declaration	of	an	AQMA,	local	authorities	are	required	to	produce	Air	Quality	Action
Plans	(AQAPs)	setting	out	measures	to	work	in	pursuit	of	reducing	concentrations	below	the	air	quality	objectives.	In	England,	these	AQAPs	can	be	incorporated	within	an	authority’s	Local	Transport	Plan,	where	the	exceedences	are	traffic-related	(Defra,	2005).	The
production	and	 implementation	of	an	AQAP	necessarily	 relies	on	engagement	and	support	 from	departments	across	 the	authority	(or	even	between	two-tier	district	and	county	authorities),	 in	particular	 those	departments	with	responsibility	 for	 transport	and	 land-use
planning	(Beattie	et	al.,	2001,	2004).
Resources	(both	financial	and	staff)	are	also	a	significant	limiting	factor	in	the	ability	of	local	authorities	to	be	able	to	implement	effective	measures	and	strategies.	In	recent	years,	Defra’s	Air	Quality	Grant,	a	competitive	scheme	by	which	all	local	authorities	in
England	bid	annually	 for	 funding	 to	help	 improve	air	quality,	has	decreased	 from	£2m	to	£0.5 m	p.a.	 (although	 in	 the	2016/17	 round	 this	has	been	 increased	 to	£3.7 m	(Defra,	2017c)).	At	 the	same	 time,	severe	cuts	 in	 local	government	central	 funding	have	 reduced
personnel,	leading	to	a	loss	of	local	knowledge	and	capabilities,	and	curtailed	investment	in	previously	proposed	AQAP	measures	(Moorcroft	and	Dore,	2013).
Ultimately,	the	effectiveness	of	local	authorities’	measures	to	reduce	local	hotspots	are	limited	by	the	effectiveness	of	national	air	quality	policy	to	reduce	background	concentrations	of	NO2	and	by	national	transport	policy	as	it	is	this	that	sets	the	overall	context	of
vehicle	usage	across	the	country.	As	has	been	seen,	the	effectiveness	of	national	air	quality	plans	has	been	heavily	criticised	in	the	UK	courts	and	by	the	European	Commission.	The	following	section	highlights	how	a	lack	of	interdepartmental	responsibility	has	also
undermined	the	effectiveness	of	air	quality	policy	both	nationally	and	locally.
2.3.1	Lack	of	interdepartmental	responsibility
Increasing	interdepartmental	responsibility	was	one	of	the	key	recommendations	of	each	of	the	three	House	of	Commons	Environmental	Audit	Committee	(EAC)	reviews	(House	of	Commons	Environmental	Audit	Committee,	2010;	House	of	Commons	Environmental	Audit	Committee,
2011;	House	 of	 Commons	 Environmental	 Audit	 Committee,	 2014),	 in	 which	 they	 identified	 a	 lack	 of	 joined-up	 policy	 and	 failure	 of	 departments	 to	 understand	 policy	 impacts	 on	 air	 quality.	 Indeed,	 in	 their	 final	 report	 the	 EAC	were	 heavily	 critical	 of	 the	 government	 stating:	 “Our	 main
recommendations	for	the	Government	in	2010	and	2011	were	not	implemented,	prompting	our	third	Inquiry	in	the	hope	that	this	time	the	Government	will	take	this	as	seriously	as	we	do.	It	is	unacceptable	that	a	whole	generation	of	people	living	in	our	towns	and	cities	could	have	their	health
seriously	impaired	by	air	pollution	above	EU	limits	before	the	Government	brings	this	public	health	problem	under	control.	It	should	not	need	a	European	court	case	to	focus	Government	attention	on	air	pollution.	[…]	The	challenge	for	policy	makers	is	that	no	one	single	solution	can	solve	this
problem	and	no	one	single	department	has	all	the	necessary	levers.”	(House	of	Commons	Environmental	Audit	Committee,	2014,	p.	37).
However,	perhaps	one	of	the	key	reasons	for	the	failure	of	air	quality	policy	has	been	its	treatment	as	an	‘environmental’	issue.	Whilst	it	is	true	that	air	pollution	has	environmental	impacts,	for	example	deposition	of	nitrates	on	vulnerable	ecosystems,	the	detrimental	effects	of	ozone	on
agricultural	crops,	and	climate	impacts	of	sulphates,	ozone	and	particulate	matter,	the	primary	driver	for	EU	and	UK	air	quality	policy	has	been	the	protection	of	human	health.	However,	apart	from	expert	advisory	groups	such	as	COMEAP,	public	health	bodies	have	never	been	at	the	fore	in
developing	or	implementing	air	quality	policy	either	locally	or	nationally	(Beattie	et	al.,	2001,	2004;	Brunt	et	al.,	2016).	More	recently,	Public	Health	England	(Defra,	2017a),	the	Royal	College	of	Physicians	(RCP,	2016),	and	the	National	Institute	for	Health	and	Care	Excellence	(NICE,	2016)	have
published	guidance,	which,	to	some	extent,	have	helped	to	champion	the	issue.	These	may	provide	some	assistance	to	local	government	departments	with	responsibility	for	public	health	and	provide	EHOs	with	an	ally	in	their	campaign	to	raise	the	political	agenda	of	air	quality	improvements	in
their	local	area.	However,	similar	interdepartmental	support	is	required	by	Defra	from	the	Department	of	Health.
The	separation	of	responsibility	at	a	national	level	for	managing	air	quality	from	the	main	pollution	source,	road	transport,	between	Defra	and	the	DfT	respectively,	arguably	underpins	the	failure	of	national	policy	to	achieve	necessary	reductions	in	NO2	concentrations.	Despite	a	joint
Public	Service	Agreement	(PSA	28)	(HM	Treasury,	2007)	on	air	quality	between	the	two	departments	between	2007	and	2010,	there	has	not	been	a	coordinated	approach	to	air	quality	management	since	the	Department	for	Environment,	Transport	and	the	Regions	(DETR)	was	dissolved	in	2001.
The	DfT	and	Defra	have	formed	a	Joint	Air	Quality	Unit	(JAQU)	in	2016,	which	is	intended	to	ensure	a	coordinated	approach	across	Whitehall	(Environment,	Food	and	Rural	Affairs	Commons	Select	Committee,	2016),	however	an	Environmental	Information	Request	for	the	minutes	of	this	group
in	relation	to	the	development	of	the	AQP	for	NO2	was	refused	(Defra,	2017b),	and	no	further	detail	regarding	the	full	remit	of	the	JAQU	has	been	identified.
Indicative	of	a	lack	of	coordinated	policy	on	air	quality	management	between	departments	at	a	national	level	is	the	absence	of	relevant	in-service	vehicle	emissions	testing.	Currently	the	DfT	annual	vehicle	safety	check	(MOT	test)	only	requires	emission	testing	for	carbon	monoxide
(CO)	and	hydrocarbons	for	petrol-fuelled	vehicles	and	smoke	tests	for	diesel	vehicles.	In	the	test's	current	format,	inclusion	of	NOx	and	NO2	would	be	impracticable,	however	this	provides	no	opportunity	to	assess	whether	the	national	emissions	reduction	strategy	is	effective	in	practice	or	how
emissions	are	affected	by	use	or	age	of	vehicle.
Another	example	of	uncoordinated	policy	on	air	quality	is	the	reduced	Vehicle	Excise	Duty	on	the	purchase	of	new	vehicles	with	lower	CO2	emissions,	which	resulted	in	an	increase	in	the	proportion	of	diesel	cars	in	the	car	fleet	of	more	than	30%	between	1994	and	2016.	This	policy	was
driven	by	a	need	to	achieve	domestic	CO2	reduction	targets	(20%	below	1990	levels	by	2010	and	60%	by	2050)	under	the	Climate	Change	Programme	2006	(HM	Government,	2006),	set	in	response	to	the	Kyoto	Protocol.	This	was	despite	the	fact	that	diesel	vehicles	had	long	been	recognised
as	contributing	a	higher	proportion	of	PM	and,	more	recently,	also	NOx	and	primary	NO2	(Carslaw	et	al.,	2011).	The	expectation	had	been	that	emissions	of	both	CO2	and	NOx	would	reduce	based	on	tightening	Euro	emission	standards;	however,	this	was	undermined	by	the	failure	of	the	Euro
standards	to	deliver	real-world	emission	reductions.	Whilst	it	may	be	arguable	that	policymakers	were	initially	unaware	of	the	public	health	implications	of	this	fiscal	policy,	there	is	now	widespread	recognition	that	the	promotion	of	diesel	vehicles	across	the	EU	has	resulted	in	higher	concentrations
of	NO2	and	PM10	than	would	otherwise	have	been	the	case.	Despite	this,	Vehicle	Excise	Duty	and	company	car	tax	continue	to	promote	diesel.	Had	UK	policy	followed	the	example	of	the	US	and	Japan	and	had	the	foresight	to	be	more	proactive	in	incentivising	alternative	fuels	and	low	emission
vehicles	there	may	not	have	needed	to	be	a	trade-off	between	climate	change	and	public	health.
Ultimately	the	incentivisation	of	diesel	light	duty	vehicles	has	directly	contributed	to	higher	primary	NO2	emissions,	with	the	effect	that	even	where	local	authorities	have	implemented	AQAP	measures,	the	local	impact	on	NO2	concentrations	has	been	negligible.	Shifting	the	burden	of
responsibility	onto	local	government	now	to	implement	CAZs	or	similar	measures	to	restrict	high	polluting	vehicles	from	local	hotspots,	without	high	level	national	measures	to	disincentivise	purchase	of	diesel	cars	and	facilitate	their	removal	from	the	fleet,	not	only	sends	mixed	messages	to	the
public,	but	is	counterproductive	and	undermines	the	cost-effectiveness	of	any	local	action.
Differing	priorities	between	national	departments	often	translate	downwards	 into	competing	priorities	at	a	 local	 level	as	divergent	agendas	are	enforced	through	top-down	policy	and	practice	guidance.	For	example,	 the	 inclusion	of	a	mandatory	air	quality	 indicator	(LTP8)	 in	Local
Transport	Planning	guidance	was	undermined	by	allowing	transport	planners	discretion	over	the	setting	of	the	indicator,	rather	than	aligning	it	with	the	national	air	quality	objectives,	stating	that	“[t]here	is	no	suitable	methodology	for	the	annual	assessment	of	pollutant	concentrations”	(Department
for	Transport,	2004,	p.21)	in	disregard	of	years	of	LAQM	policy	and	technical	guidance	to	the	contrary.	Three	months	later,	and	nine	months	before	the	deadline	(31/12/2005)	for	the	achieving	the	national	air	quality	objective	for	NO2,	EHOs	in	local	authorities	in	England	were	strongly	encouraged
by	Defra,	in	a	policy	guidance	update	(LAQM.PGA(05))	(Defra,	2005),	to	subsume	their	AQAPs	within	the	Local	Transport	Plan,	despite	the	obvious	differences	in	priorities.
It	is	therefore	unsurprising	that	effective	implementation	of	local	AQAPs	has	been	regularly	undermined	by	the	inability	of	the	environmental	health	department	to	adequately	engage	both	transport	and	land-use	planning	colleagues,	particularly	where	those	departments	are	divided
between	district	and	county	level	authorities	(Beattie	et	al.,	2005;	Olowoporoku	et	al.,	2010;	Olowoporoku	et	al.,	2011;	Olowoporoku	et	al.,	,	2011,	2012;	Barnes	et	al.,	2014).	Local	authorities	have	also	had	difficulties	implementing	AQAP	measures	where	the	road	sources	fall	within	national	jurisdiction,
having	to	rely	on	Highways	England	(formerly	the	Highways	Agency),	a	government	company	with	responsibility	for	motorways	and	major	trunk	roads	in	England,	to	determine	prioritisation	(Barnes,	2014).
Similarly,	air	quality	considerations	rarely	carry	sufficient	weight	in	development	control	decisions,	even	where	developments	are	expected	to	lead	to	a	worsening	of	public	health,	either	by	increasing	emissions	or	introducing	new	exposure.	The	National	Planning	Policy	Framework4
determines	that	the	presence	of	an	AQMA	should	not	necessarily	preclude	development,	and	pressure	from	the	government	for	more	housing	stock	means	that	local	authorities	are	effectively	forced	to	accept	planning	applications.	Protection	of	public	health	can	therefore	sometimes	be	seen	to
be	 in	opposition	 to	national	priorities	 for	growth	and	an	authority’s	ambitions	 for	economic	development	and,	despite	air	quality	being	a	material	 consideration,	 there	are	very	 few	citable	examples	where	a	potential	worsening	of	air	quality	has	 resulted	 in	 rejection	of	a	planning	proposal.
Unfortunately	this	is	also	the	case	in	national	planning	decisions,	such	as	the	expansion	of	Heathrow	Airport,	which,	despite	being	within	an	area	that	is	exceeding	the	EU	limit	value	for	NO2,	has	been	granted	permission	even	though	it	is	predicted	to	worsen	air	quality	on	local	roads	(WSP
Parsons	Brinkerhoff,	2016).	It	is	of	course	the	case	that	it	is	land	use	policy	and	plans	and	associated	transport	policies	and	strategies	that	provide	the	context	for	the	long	term	management	of	air	quality,	yet	rarely	in	the	period	under	consideration	can	these	policy	processes	be	said	to	be	aligned
and	directed	to	the	goal	of	improving	air	quality	and	protecting	the	public’s	health.
3	Conclusion
This	paper	has	reviewed	UK	air	quality	policy	in	relation	to	EU	and	LAQM	responsibilities	over	the	last	20	years	and	has	highlighted	how	the	two-tier	approach	of	national	and	local	air	quality	management	has	failed	to	result	 in	achievement	of	European	or
national	ambient	air	quality	regulations.	This	paper	highlights	the	gulf	between	national	and	local	air	quality	management	in	the	UK	which,	together	with	a	failure	of	EU	and	national	emissions	reduction	policy,	has	undermined	any	liability	on	local	government	for	CJEU-
imposed	fines	passed	on	via	the	Localism	Act	2011	(Part	2).
First	and	foremost,	differing	legislation	for	national	and	local	governments	mean	that	local	authorities	are	not	legally	responsible	for	achievement	of	limit	values	under	the	AAQD.	Moreover,	local	authorities	were	not	even	legally	responsible	for	achievement	of
national	air	quality	objectives,	for	which	they	did	have	a	formal	responsibility	to	work	towards.	Although	national	government	has	sought	to	close	the	gap	between	EU	and	UK	air	quality	legislation	and	more	closely	align	local	responsibilities	with	the	former,	there	has	been
resistance	from	consultees	for	fear	that	the	different	scales	of	operation	would	result	in	local	exceedences	being	neglected.
The	different	 scales	 of	 operation	 have	 also	 undermined	 the	 potential	 for	 a	 nested	 reporting	mechanism.	 If	 it	was	 ever	 the	 intention	 that	 local	 government	 should	 play	 a	 responsible	 role	 in	 achievement	 of	EU	 limit	 values	 then,	 in	 designing	 its	 zones	and
agglomerations	for	compliance	assessment	to	the	EU,	the	UK	government	should	have	recognised	the	need	to	ensure	that	they	were	coterminous	with	local	authority	borders.	Without	this,	reporting	against	the	national	air	quality	objectives	cannot	be	easily	aligned	with
reporting	against	the	EU	limit	values	and,	therefore,	responsibility	for	compliance	in	any	zone	or	agglomeration	cannot	be	directly	placed	on	local	authorities.
Even	 if	 responsibility	 could	be	given	 to	 local	 authorities,	 inconsistencies	between	EU	and	LAQM	monitoring	 requirements	mean	 that	 data	 from	most	 local	 authority	monitors	are	not	 reportable	 to	 the	European	Commission	 for	 the	purposes	of	 compliance
assessment.	Furthermore,	differences	between	EU	and	local	authority	site	type	classifications	would	complicate	any	accurate	reporting.	In	order	for	local	assessment	to	contribute	to	national	compliance	assessment	reporting	these	fundamental	issues	should	have	been
considered	in	the	design	and	evolution	of	LAQM.	This	missed	opportunity	demonstrates	a	failure	of	strategic	policy.
Reliance	on	local	authority	monitoring,	including	passive	monitoring	techniques,	to	verify	and	adjust	dispersion	modelling,	together	with	the	myriad	of	other	inherent	assumptions	and	inaccuracies,	also	limits	the	suitability	of	local	modelled	data	for	inclusion	in
compliance	assessment	reporting.	However,	as	national	models	have	a	spatially	coarse	resolution,	local	hotspots	go	unreported	to	the	European	Commission.
However,	of	most	concern	is	the	lack	of	coordination	between	national	and	local	action	planning	that	has	undermined	efforts	to	achieve	the	EU	limit	values	and	national	air	quality	objectives.	National	policies	have	failed	to	reduce	background	concentrations,
having	relied	almost	entirely	on	emission	reductions	through	the	implementation	of	Euro	standards	for	new	vehicles,	while	at	the	same	time	incentivising	more	polluting	diesel	light	duty	vehicles	in	pursuit	of	CO2	targets.	This,	together	with	a	75%	reduction	in	funding	for
local	action	plans	in	recent	years	has	meant	that	the	limited	AQAP	measures	that	local	authorities	have	been	able	to	implement	have	been	effectively	undermined.	Also,	inconsistency	between	departmental	policies	nationally	has	translated	into	divergent	agendas	at	a
local	level,	obstructing	interdepartmental	cooperation	in	implementing	local	actions.
Unambitious	and	counterproductive	national	policy	and	the	failure	of	EU	light-duty	vehicle	type	approval	tests	and	Euro	standards	to	reduce	real-world	NOx	emissions	are	the	main	reasons	for	continued	limit	value	exceedences.	This	failure	of	EU	and	national	air
quality	policies	has	reduced	the	effectiveness	of	 local	authority	action	to	improve	local	air	quality,	resulting	in	delays	in	achieving	the	standards,	wasted	resources	at	 local	and	national	 levels,	and,	ultimately,	unnecessary	loss	of	 life	and	increased	morbidity	 in	the	UK
population.
To	return	to	the	policy	context	of	this	paper	with	regard	to	the	risk	of	fines	resulting	from	progression	of	the	European	Commission’s	legal	proceedings	and	the	potential	held	in	Part	2	of	the	Localism	Act	2011	for	these	fines	to	be	passed	to	local	government,	the
evidence	and	arguments	presented	reveal	that	there	is	no	basis	on	which	local	government	should	be	held	accountable	for	non-compliance	with	the	AAQD.	Furthermore,	without	the	implementation	of	a	suite	of	stronger	measures	by	national	government,	attempts	to
further	devolve	responsibility	for	reducing	concentrations	of	NO2	through	the	implementation	of	CAZs	(as	seen	in	Defra’s	most	recent	Air	Quality	Plan)	will	fail	to	achieve	compliance	in	the	shortest	possible	time.
4	Recommendations
On	the	basis	of	the	arguments	presented	in	this	paper,	a	series	of	recommendations	is	proposed	for	the	European	Union,	the	UK	government,	devolved	administrations	and	local	authorities:
• For	the	UK	and	EU	to	align	air	quality	limit	values	and	air	quality	objectives	and	to	include	within	UK	national	reporting	practices	appropriate	local	authority	monitoring.
• For	the	UK	government	to	withdraw	fiscal	incentives	for	diesel	vehicles	that	do	not	meet	real-world	driving	emission	standards.
• For	the	UK	government	to	introduce	emissions	testing	of	NOx	in	real-world	scenarios	and	to	tighten	emissions	testing	in	annual	road-worthiness	tests	to	ensure	emission	standards	continue	to	be	met	throughout	the	lifetime	of	the	vehicle.
• For	the	UK	government	and	devolved	administrations	to	ensure	that	air	quality	is	given	priority	status	in	national	planning	and	transport	policy	in	order	to	protect	public	health	and	that	local	government	give	due	consideration	to	the	issues	in	reaching	land	use	and	transport	planning
decisions.
• For	the	UK	government	and	devolved	administrations	to	incorporate	local	authority	assessment	of	exceedences	of	the	air	quality	objectives	more	explicitly	into	national	strategic	air	quality	assessments.
• For	the	UK	government	and	devolved	administrations	to	target	rapid	reductions	in	background	air	quality	concentrations	through	strategic	interventions	to	address	major	emission	source	categories.
• For	the	UK	government	and	devolved	administrations	to	ensure	that	local	authorities	are	adequately	resourced	to	implement	their	air	quality	management	duties	and	have	sufficient	powers	to	address	sources	of	concern.
• For	the	UK	government	to	withdraw	the	threat	of	EU	fines	being	passed	to	local	authorities	by	revoking	Part	2	of	the	Localism	Act	2011.
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Footnotes
1Originally	set	under	the	Air	Quality	Limit	Values	Regulations	2001	(which	transposed	the	1st	Daughter	Directive	(1999/30/EC)	of	the	Air	Quality	Framework	Directive	(96/62/EC)).
2“The	term	'purdah'	is	in	use	across	central	and	local	government	to	describe	the	period	of	time	immediately	before	elections	or	referendums	when	specific	restrictions	on	the	activity	of	civil	servants	are	in	place.	The	terms	'pre-election	period'	and	'period	of	sensitivity'	are
also	used.”	(http://researchbriefings.parliament.uk/ResearchBriefing/Summary/SN05262)
3“A	conformity	factor	of	2.1	or	1.5	means	that	emissions	may	not	exceed	more	than	2.1	or	1.5	times	the	regulatory	emissions	on	any	possible	RDE	trip.”	http://www.europarl.europa.eu/sides/getAllAnswers.do?reference=E-2016-007748&language=EN
4https://www.gov.uk/guidance/air-quality--3
Highlights
• A	gulf	exists	between	UK	national	and	local	air	quality	management.
• Failure	of	EU/national	emissions	reduction	policy	reliant	on	vehicle	Euro	standards•Failure	of	unambitious	and	counterproductive	national	air	quality	policy•No	basis	for	local	government	to	be	held	accountable	for	non-compliance	with	AAQD.
• Failure	of	unambitious	and	counterproductive	national	air	quality	policy.
• No	basis	for	local	government	to	be	held	accountable	for	non-compliance	with	AAQD.
• Local	government	liability	for	CJEU	fines	via	the	Localism	Act	2011	is	undermined.
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